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The Lupin Beans Case Study

Lupin Beans processing
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» Quinolizidine nucleus

» Useful functionalities for fine
chemicals and pharmaceutical
industries

» Synthesis requires too many steps
and the overall yield is low

Chemical transformation lupanine:

Motivation

molecule as
target for biotransformation

* Produce new and known alkaloids

- Use of a natural

with high  added-value to
overcome laborious total
synthesis

Strains capable of using lupanine:
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Figure: Decrease of the concentrations of lupanine (®) and total alkaloids (o)
during growth (o) of strains IST 20B and IST 40D at 27°C in LUP2 medium.

Lupanine removal (stationary phase): 99%




Strains Metabolising Alkaloids

Nicotine: demethylation pathway in fungi

pyridine pathway in Gram-positive bacteria
pyrolidine pathway in Gram-negative bacteria

variant of pyridine and pyrolidine pathway in
Gram-negative bacteria

Caffeine: Pseudomonas sp. CES (9 metabolic enzymes

involved)

Lupanine: Pseudomonas sp. (lupanine 17-hydroxylase)
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| oxicological Aspects of Lupanine - Aquatic
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oxicological Aspects of Lupanine - Plants
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Environmental Samples

Carbon Source

1gL?tlupanine, 30°C, pH7

Aerobic

/- .
y

Granular SlI. Digested SlI. Aerobic SI. Lupinus WW

Granular SI. Granual Sl. Digested Sl.Digested WW

Granular Sludge
Anaerobic Sludge
Aerobic Sludge
Lupinus Wastewater

Anaerobic

Lupanine 8 Microbial Isolates

Aerobic
Rhodococcus rhodochrous
Rhodococcus sp.
Rhodococcus rubber
Pseudomonas putida

Anaerobic
Rhodobacter sp.
at Ochrobactrum tritici
v Pseudomonas citronellolis
i Pseudomonas sp.

T

Isolation of Lupanine Metabolising Strains

1.5g L1 lupanine, 30 °C, pH 7

Aerobic

anaa

Anaerobic

aAnma

16S rRNA Sequencing (Macrogen — The Netherlands)

TGAATCATGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCAGCTTGCTGGGTGGATT
AGTGGCGAACGGGTGAGTAACACGTGGGTGATCTGCCCTGCACTTCGGGATAAGCCTGGGAAACTGGGTCTAATACCGGATA
GGACCTCGGGATGCATGTTCCGGGGTGGAAAGGTTTTCCGGTGCAGGATGGGCCCGCGGCCTATCAGCTTGTTGGTGGGGT
AACGGCCCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACT
CCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCT
TCGGGTTGTAAACCTCTTTCAGTACCGACGAAGCGCAAGTGACGGTAGGTACAGAAGAAGCACCGGCCAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGCGGTTTGTCGCGTCGTCT
GTGAAAACCCGCAGCTCAACTGCGGGCTTGCAGGCGATACGGGCAGACTTGAGTACTGCAGGGGAGACTGGAATTCCTGGT
GTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGGTCTCTGGGCAGTAACTGACGCTGAGGAGC
GAAAGCGTGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCGCTAGGTGTGGGTTTCCTTCCA
CGGGATCCGTGCCGTAGCTAACGCATTAAGCGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACG
GGGGCCCGCACAAGCGGCGGAGCATGTGGATTAATTCGATGCAACGCGAAGAACCTTACCTGGGTTTGACATACACCGGAC
CGCCCCAGAGATGGGGTTTCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGT
TAAGTCCCGCAACGAGCGCAACCCTTGTCCTGTGTTGCCAGCACGTAATGGTGGGGACTCGCAGGAGACTGCCGGGGTCAA
CTCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGCCCCTTATGTCCAGGGCTTCACACATGCTACAATGGCCGGTACAGA
GGGCTGCGATACCGCGAGGTGGAGCGAATCCCTTAAAGCCGGTCTCAGTTCGGATCGGGGTCTGCAACTCGACCCCGTGAA
GTCGGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCAT
GAAAGTCGGTAACACCCGAAGCCGGTGGCCTAACCCCTCGTGGGAA




# Rhodococcus rhodochrous strain LPK - DG

Phylogenetic Trees of Isolates

—> 999% Alkaloids (Berberine,
Rhodococcus rhodochrous strain LAZC-8 (KP025713.1)

Rhodococcus ﬁ
Rhodococcus sp. strain CCZU-B16 (KY487995.1)

I_ Rhodococcus pyridinivorans strain 10 (KJ571068.1)

& Rhodococcus ruber strain LPK - GR
Rhodococcus ruber strain 2512 (KM374771.1)

Rhodobacter

Rhodococcus sp. PAM-F1 (KC476501.1)
@ Rhodococcus sp. LPK - AE
Rhodococcus sp. strain K-39 (KY907007.1)

Rhodococcus aetherivorans strain AA1 (KP217189.1)

hodobacter sp. RO76N (KC252910.1)

Rhodobacter maris (KP776469.1)
e Rhodobacter viridis strain: NT-1 (LC164156.1)

L Rhodobacter capsulatus strain: C5 (D16427.1)

Rhodococcus biphenylivorans strain TGS (NR134798.1)
Rhodococcus coprophilus strain Z12-9 (KJ571111.1)

4|——Rhodococcus zopfii isolate 1111TES2B2 (LN774377.1)
Rhodococcus phenolicus strain: old-30-6s-1-1 (AB562485.1)

e 900

T

l-—o Rhodobacter sp. LPK-GRAL ~ ————> QQ0/,
R

Rhodobacter aestuarii strain MS22 (FN997618.1)

Rhodobacter vinaykumarii strain 1A243 (AM600642.1)
Rhodobacter sphaeroides strain TS (EU882155.1)

Ergopeptines, Nicotine)
Nitroaromatics (e.g. nitrophenol)
Aliphatics (e.g. n-hexadecane)
Aromatics (e.g. o-xylene)

Polycyclic Aromatic Hydr.
(PAH)

Nitroaromatics
Aliphatics
Aromatics

Polycyclic Aromatic Hydr.
(PAH)




® Pseudomonas sp. LPK - DGAS —> 999,
Pseudomonas sp. IBP-A36 (JN216881.1)

Pseudomonas delhiensis strain IHB B 6866 (KF668477.1)

Pseudomonas citronellolis strain NK 2.C2-1 (EU352759.1)
Pseudomonas denitrificans strain S11A (KT337515.1)

@ Pseudomonas citronellolis strain LPK - GRAD —> 999,
Pseudomonas citronellolis strain P3B5 (CP014158.1)

Pseudomonas denitrificans strain H38A (KT337533.1)

Pseudomonas delhiensis strain RLD-1 (NR043731.1)

Pseudomonas aeruginosa strain GSN26 (KF815703.1)

Pseudomonas

Pseudomonas knackmussii strain B13 (NR121733.1)
Pseudomonas nitroreducens strain R-50665 (LN995677.1)
I: Pseudomonas azelaica strain DSM 9128 (AM088475.1)

Pseudomonas taiwanensis strain AV2 (KX436991.1)

& Pseudomonas putida strain LPK - WL —_— 99%
Pseudomonas putida strain OBS-2 (KT253976.1)
Ochrobactrum

I: & Ochrobactrum tritici strain LPK - DGAB —_— 99%

Ochrobactrum tritici isolate TJ3 (AF508089.1)

|Ochrobactrum sp. CHNTR29 (DQ337573.1)
Ochrobactrum anthropi strain NP04 (KY711180.1)
Ochrobactrum intermedium strain: 182P (AB840652.1)

_r;ochrobactrum cytisi strain Z252zhy (AM411068.1)
Wb Ochrobactrum lupini strain LUP21 (NR042511.1)

Phylogenetic Trees of Isolates

Versatile degrader

Alkaloids (Caffeine,
Nicotine)

Aromatics (e.g. benzene)
Herbicides (e.g. atrazine)

Isoprenoids (e.g.
citronellol)

Alkaloids (Nicotine)
Aliphatics
Aromatics

Polycyclic Aromatic Hydr.
(PAH)




Lupanine Blodegradatlon Aeroblc Strains

(a) 15

Conditions: 31 °C, pH 7, minimal medium (M9)
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P. putida LPK411: 30 h
Other 3 strains: 36 h
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% Removal ]
R. rhodochrous LPK211: 80% 00 &
R. sp. LPK311: 70%

R. ruber LPK111: 69% b 20

@ : P. putida LPK41
: R. ruber LPK11
¢ R.LPK211
m : Rhodococcus sp. LPK311

Other studies

1g L removed (99%) in 10 h from wastewater : 4
(Santana et al. 2002) i

3 gL' removed (99%) in 30 h from wastewater
(Santana et al. 1996)

at o Time [h]
_ in" Santana F.M.C. et al., (2002) J. Agric. Food Chem. 50:2318-2323.
Santana F.M.C. et al., (1996) J. Ind. Microbiol. 17:110-115.




Final Metabolic Products — Aerobic Strains

Lupanine Multiflorine

\ N,/
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New generation sparteine analogues
via alkylation on the amide bond

\ R. sp. LPK311
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Resolution of Racemic Lupanine
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Racemic mixture: D-(+)-lupanine, L-(-)-lupanine 0’2 -=l==':":‘
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Optimisation of P. putida
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Future Opportunities

® Microbial kinetics and metabolic products from each enantiomer
* Immobilization on microbial supports

® Bioreactor studies




Conclusions

* Lupanine is highly toxic for aquatic organisms

* Non-toxic for dicotyledonous

» Bioconversion of lupanine under aerobic conditions
» Useful metabolic end-products

* P. putida performs resolution of racemic lupanine
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